An unscheduled DNA synthesis has been clearly demonstrated in meiotic and postmeiotic germ cell stages of the male mouse after in vivo treatment with a 250 mg/kg dose of ethyl methanesulfonate. The germ cell stages showing unscheduled DNA synthesis range from early to middle meiotic prophase stages through early to middle spermatid stages. The initiation of this synthesis, taken to be repair of chemically damaged DNA in these germ cells, is rapid, beginning within 1 hour after the injection of ethyl methanesulfonate. Unscheduled DNA synthesis has not been detected in the most mature germ cell stages, which give rise to dominant lethal mutations, nor does it occur in germ cell stages where protamine has replaced the chromosomal histones.
In the study ofchemical mutagenesis in a mammalian testsystem it is of great interest to know if the germ cells are capable of repairing damaged DNA (as well as other molecular targets), and the relationship between such a repair system, if it does exist, and the genetic consequences of such repair. Studies have been performed with a limited number of mammalian cell types (not including germ cells), which demonstrated repair of chemically damaged DNA. See, for example (1) (2) (3) (4) . However, in vivo repair of germ cell DNA after treatment with chemical agents has not been studied.
It is possible to study DNA repair in meiotic and postmeiotic germ cells of male mice by making use of the wellstudied sequence of events that occurs during spermatogenesis and spermiogenesis (5) (6) (7) . In developing male germ cells the last DNA synthesis takes place during a 14-hr period (7) in preleptotene spermatocytes. After DNA synthesis these spermatocytes continue to develop through a series of germ cell stages for about a 28-30 day period (5, 6) before the spermatids finally leave the testes and enter the caput epididymides. Two to three days later, the developing sperm reach the caudal epididymides, and, in two or three days more, they enter the vasa deferentia. If, at any meiotic or postmeiotic germ cell stage, the DNA is damaged and repair occurs, the repair can be detected by an unscheduled incorporation of [3H] dT which is measured after the developing cells have left the testes and entered the remainder of the reproductive tract. This communication reports on the occurrence of such unscheduled DNA synthesis, which is taken to represent repair, after in vivo treatment with the alkylating agent, ethyl methanesulfonate (EMS).
MATERIALS AND METHODS
Materials. [Methyl-gH] Recovery of Sperm Heads and DNA. At various times after treatment the animals were killed and the reproductive tracts were sectioned into three parts: the caput epididymides, the caudal epididymides, and the vasa deferentia (refer to Fig. 1 ). After pooling of the tissues from each region, the sperm heads were recovered by procedures already described (8) . The final sperm head suspensions are a pure population of one cell type, free of tails and all cellular debris. Ten-microliter samples of sperm heads, diluted to 1 ml, were taken for hemacytometer counts and additional 200-Ml samples were taken and dissolved in scintillation vials containing 1 ml of NCS. After dissolution, 15 ml of Omnifluor was added and radioactivity was measured in a Packard liquid scintillation counter.
DNA was recovered from sperm heads taken from the vas by procedures described (8) for obtaining sperm DNA free of proteins and other contaminants. The purity of the recovered DNA was also determined by absorbance scans on a Beckman Acta III spectrophotometer. Samples of sperm DNA were assayed for radioactivity by the same procedures described above for the whole sperm heads.
Uptake of [3H]dT by Testicular DNA. Additional mice were each given a dose of 50 uCi of [8H]dT (40.3 Ci/mmol) with half the dose being injected into each testis in a 0.05-ml aqueous solution with 2% ethanol. At various times after injection three animals were killed and DNA was extracted from homogenized samples of the pooled testes using procedures reported in ref 8 . Purified testicular DNA dissolved in 0.1 X SSC (0.015 M NaCl + 0.0015 M Na citrate) was measured spectrophotometrically and 100 ,l samples were then dissolved in scintillation vials containing 1 ml of NCS followed by addition of 15 ml of Omnifluor for radioactivity measurements in the scintillation counter.
RESULTS
Preliminary experiments had shown that at 2, 4, and 6 days after treatment with EMS no unscheduled DNA synthesis could be detected in the germ cells moving through the epididymides and vasa deferentia. The first appearance of an unscheduled DNA synthesis in the germ cells taken from these tissues was seen at 9 days after treatment. In light of that finding the earliest time point considered in this communication is at 9 days after injection. Fig. 1 shows diagrammatically how the developing male germ cells move from the testis into the remainder of the reproductive tract, passing through the caput epididymis, the caudal epididymis and the vas in sequence during approximately a 6 to 9-day period. Sperm from control and EMStreated animals were recovered from these three regions at 2 or 3-day intervals from 9 to 39 days after treatment, and the results are presented in Table 1 Later, labeling begins to increase dramatically as sperm cells that were preleptotene S spermatocytes at the time of treatment move into the epididymides and vas. There is some reduction in the amount of label per sperm cell for the EMS-treated animals, compared to the controls, during these stages. A slight decrease in the rate of spermatocyte development in the EMS-treated animals may also be occurring.
The germ cell stages that the caput sperm were in at the time of treatment are shown in Fig. 2 (5, 6) . Superimposed on the data for the vas sperm heads in Fig. 2 is a generalized dominant lethal curve for a 250 mg/kg dose of EMS taken from refs. [9] [10] [11] . Also shown in Fig. 2 is the time of incorporation of [3H]arginine into protamine, determined from unpublished data from this laboratory and from ref. 12 .
In order to verify that [3H]dT was actually being incorporated into sperm DNA, sperm heads from the vasa deferentia.
A056
Cell Biology: Sega (8) . This DNA is completely nuclear in origin, as the cytoplasm is extruded from the germ cells during maturation (13) and the mitochondria, with their associated DNA (14) , only occur in the sperm mid piece (15) , which is removed during purification of the sperm heads. Table 2 shows that when the amount of purified DNA used for LSC is converted to "sperm head equivalents" (16) (19) (20) (21) . EMS is also a highly mutagenic chemical and, in the mouse, it has been shown to cause dominant lethal (5, 6) . Table 1 and Fig. 2 offer convincing evidence that when mice qre exposed to a 250 mg/kg dose of EMS there is an unscheduled uptake into the sperm heads of [3H]dT which is incorporated into DNA ( Table 2 ). The germ cell stages that appear capable of undergoing this unscheduled DNA synthesis when exposed to EMS range from early to middle meiotic prophase stages through early to middle spermatid stages (Fig. 2 ). There appears to be a decrease in the level of unscheduled DNA synthesis just before the preleptotene S peak begins to appear ( (25) has been used to look for point mutations in the mouse after EMS treatment. Six presumed specific locus mutations were observed in 10,941 offspring from cells that were in postspermatogonial stages at the time of treatment (26 
